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ABSTRACT
Oocytes of four  species  of ascidians were  examined with  the electron  microscope.  Prior  to
fixation,  oocytes were subjected  to centrifugal  forces of  10- 15,000 g for 5-10 min and were
compared  with uncentrifuged  oocytes.  Intranuclear annulate  lamellae (IAL) are distributed
uniformly around the periphery  of the  nucleus of the  uncentrifuged  oocyte.  Centrifugation
produces a marked  flattening of the oocyte nucleus,  migration of nucleoli to  the centrifugal
end,  and often  a condensation  of the nucleoplasm  at the  centrifugal end.  In  contrast,  the
distribution  of IAL  is  unchanged  by  centrifugation.  Furthermore,  numerous  IAL  profiles
appear to be  touching  the nuclear envelope,  and, in a few  of these, direct continuity of the
IAL with the nuclear  envelope  is demonstrated.
INTRODUCTION
Intranuclear  annulate  lamellae  and  intranuclear
vesicles  were  described  by  Hsu  (1963)  in  the
oocytes  of  the  ascidian,  Boltenia  villosa.  Kessel
(1964,  1965)  has  extended  these  observations  to
oocytes  of a  number of  ascidian  species  and  has
considered  the  question  of  the origin  of intranu-
clear  annulate  lamellae.
This  report  will  present  evidence  that  these
intranuclear  annulate  lamellae  (IAL)  are  firmly
attached  to  the  nuclear  envelope.  It  will  be
demonstrated  that  the  centrifugation  does  not
displace  IAL  from  the  periphery  of  the  oocyte
nucleus,  and in addition,  that continuity  between
the nuclear envelope and the  IAL may be seen  by
electron microscopy.
MATERIALS  AND  METHODS
The  animals  studied  were  members  of  four  species
of  ascidians:  phylum,  Chordata;  subphylum,  Uro-
chorda  (Tunicata);  class,  Ascidiacea.  Specimen
preparation  and  fixation  were  accomplished  in two
series.
Series  1  includes  Boltenia  villosa  which  had  been
prepared  at  Friday  Harbor,  Washington.  Small
pieces  of ovaries were  centrifuged in seawater  for  10
min  at  10,000  g.  They  were  fixed  in  2%  OS0 4  in
0.1  M s-collidine buffer  (Bennett  and Luft,  1959).
Series  2  includes  Halocynthia pyriformis,  Boltenia
ovifera, and Ascidia callosa which had been prepared at
Salisbury  Cove, Maine.  Several small  pieces  of ovary
were  centrifuged  in  seawater  for  either  5 or  10  min
at  15,000 g at  10
0C in an  International  refrigerated
centrifuge  with  high-speed,  fixed-angle  head  (Inter-
national  Equipment  Co.,  Needham  Heights,  Mass.)
The plastic  centrifuge  tubes  were  removed,  the sea-
water  was poured  off, and the  fixative was poured  in
within 20 sec after the rotor had stopped moving. The
fixatives  employed  were  (a)  2.7%  OsO4 in  approxi-
mately  0.2  M bicarbonate  buffer  (Wood  and  Luft,
1965)  or  (b)  3%  glutaraldehyde  in  0.1  Ma  cacodylate
buffer, followed by a brief buffer wash,  and refixation
with  2%  Os04 in 0.1  M phosphate buffer.  Uncentri-
fuged ovaries  were fixed  similarly.  After fixation and
rapid  dehydration through  a graded  ethanol series  to
absolute  ethanol,  the  centrifuge  tube was  cut  away,
540and  the  pellet was  gently  dislodged.  Dehydration  in
absolute ethanol was continued for  another  30 min.
All  specimens  were  embedded  in  Epon  (Luft,
1961).  The  centrifuged  specimens  were  oriented  so
that sections were cut in planes parallel  to the axis of
centrifugation.  Because  fixation  was  incomplete  at
the  centrifugal  ends  of the pellets,  these  parts were
trimmed  away.  Sections  were  cut  with  a  diamond
knife.  The  block  face was  of sufficient  size to include
a complete  profile  of the  nucleus,  and frequently  the
entire oocyte was included. Sections were stained with
lead  (Millonig,  1961;  Reynolds,  1963)  alone  or  in
combination with uranyl acetate  and  were examined
with  RCA  2A  and  Siemens  Elmiskop  I  electron
microscopes.  For  light  microscopy,  Epon  sections
about  I  thick were stained  according to the method
of Richardson et al.  (1960).
RESULTS
This  report  deals  with  large oocytes.  Because  of
size  differences  among  the  eggs  of  the  various
ascidian  species,  large oocytes  are defined  here  as
oocytes in which  vitellogenesis  is well under way.
Stratification of  Cytoplasmic  Organelles
by Centrifugation
A  brief  account  of  the  stratification  patterns
will  be  presented  because  recognition  of  these
patterns  is  essential  for  the  proper  orientation  of
the  centrifuged  oocytes.  In  this  study,  these
stratification  patterns  were,  in  general,  similar to
those  reported  previously  for  other  species  of
ascidians  (Reverberi  and  Mancuso,  1960;  Rever-
beri,  1961).  From the  centripetal  end,  the layers
are  (a) lipid droplets, (b) nucleus,  (c) ergastoplasm,
free ribosomes,  and vesicles,  (d) mitochondria, and
(e) small polysaccharide granules  (300 A in diam-
eter).  Yolk  granules  were  not  included  in  the
above  because  they  appear  to  vary  in  buoyant
density from species  to species.  In the two Boltenia
Figs.  1 and  2,  uncentrifuged  oocyte.  Light  and  electron  micrographs  from  nearby  sections  of  the  same
oocyte. Halocynthia  pyriformis,  bicarbonate-buffered  OSO4.
FIGURE  1  Light  micrograph  of  the  large  nucleus  (N)  and paranuclear  cytoplasm.  The  zone  of  intra-
nuclear annulate  lamellae  (IAL) is seen at the periphery  of the nucleus.  Y, yolk granules. X  800.
FIGURE 2  This electron micrograph  shows the zone of IAL at the periphery  of the nucleus  (N). Charac-
teristic  annuli  are  seen  sectioned  longitudinally  (ANN,  upper  arrows)  and  transversely  (ANN,  lower
arrow). NE, nuclear envelope;  C, cytoplasm.  X  16,000.
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end of the cell,  below or intermixed with the small
polysaccharide  granules.  The yolk  layer  of Halo-
cynthia pyriformis lies on  the centrifugal  side  of the
nucleus.  Lipid  droplets  and  pigment granules  are
rare  in Halocynthia pyriformis and  absent in Ascidia
callosa. In  addition  to  the  discrete  mitochondrial
layer (layer d),  other mitochondria are found  to be
scattered  throughout  the  cytoplasm.  Some  of the
latter  mitochondria  may  correspond  to  the  cen-
tripetal  mitochondrial  layer  described  by  Rever-
beri  and  Mancuso  (1960).  It is  a common  occur-
rence  to  find  examples  of  the  smaller  organelles
lodged  some  distance  from  the  main  layer;  pre-
sumably  they  have  been  entrapped  by  larger
organelles  (nucleus,  yolk granules)  and prevented
from migrating farther.
Since it proved impractical  to orient the sections
exactly  parallel  to  the  axis  of centrifugation,  the
following working  rule was adopted: if any section
contained  all  the  layers  described  above,  it  was
regarded  as  sufficiently  close  to  being  parallel  to
the axis  of centrifugation  to qualify for  use in  this
study.  This  rule  allows  considerable  latitude  in
geometry, but it permits one to avoid  the misiden-
tification of the centrifugal,  centripetal,  and lateral
parts of a nuclear profile.
The Oocyte Nucleus
zygotene  stage of meiotic  prophase I. Virtually the
entire  growth  of  the  oocyte  occurs  while  the
nucleus  is in this  meiotic  stage.  While  the oocyte
grows,  the  volume  of  the  germinal  vesicle  may
increase  100-fold,  whereas  the DNA content  pre-
sumably remains the same. This attenuation  of the
stainable  components  of the  nucleus  accounts  for
the  pale  appearance  of the  nucleoplasm  (Figs.  1,
3,  4,  7).  The  nucleoplasm  is  homogeneous  under
the light  microscope  (Fig.  1) and has a flocculent
appearance  in  electron micrographs  (Figs.  2,  5-8
etc.).  Nucleoli  vary  in  number  and  in  structure
from species to species.
The  nuclei  of  large  oocytes  are  invariably
flattened  by the centrifugal  forces employed  in this
study.  The  degree  of  flattening  is  often  greater
than  that  illustrated  in  Fig.  3;  axial  ratios  of
nuclear  profiles  were  observed  to  be  as  high  as
7:1. The short axis of a nuclear profile corresponds
to  the  direction  of  centrifugation.  Frequently,
centrifugation  appears  to  have  produced  conden-
sation  of  the  nucleoplasm  at  the  centrifugal  end
of  the  nucleus  (Figs.  3,  4;  compare  Fig.  9 with
Fig.  10),  but  this  is  not the  case  in  every  oocyte
(Fig.  7).  Nucleoli  are  observed  only at the centrif-
ugal  end of the nucleus  (Figs.  7, 8).
Intranuclear  Annulate Lamellae
The  enlarged  oocyte  nucleus  is  commonly  DISTRIBUTION:  In uncentrifuged  oocytes,  in-
termed  the  germinal vesicle  and  represents  a  post-  tranuclear  annulate  lamellae  are  distributed  uni-
Figs.  3-6, centrifuged  oocyte.  Light and electron  micrographs  from sections  of  the same
oocyte.  N,  nucleus;  C,  cytoplasm;  Y,  yolk  granule;  NE,  nuclear  envelope.  Halocynthia
pyriformis, bicarbonate-buffered  0s0 4. Direction of the centrifugal  force indicated by the
white arrows.
FIGURE 3  Light micrograph of  the centripetal end  of the oocyte and surrounding tissues.
The large nucleus (N) is markedly  flattened,  but the zone of intranuclear annulate lamellae
(IAL) remains  around  the  entire periphery  of  the  nucleus.  Extraovular  tissues  include
the outer follicle  cells (OFC), the noncellular follicular envelope  ("chorion")  (FE), and the
"test cells"  (TC),  which indent the surface  of the oocyte.  X 800.
FIGURE  4  Electron  micrograph  of  the position  of the nucleus  (N)  indicated  by  dashed
lines in  Fig. 3. The two  sections  were separated  by at least  20 pA,  and the two fields do not
correspond  exactly.  Profiles  of  intranuclear  annulate  lamellae  (IAL)  are  seen  at  the
centripetal  end of the nucleus and,  with lesser contrast, at the centrifugal end. Profiles  of
IAL are  observed  only at the  periphery  of the  nucleus. NL, nucleolus.  X 2300.
FIGURE  5  Centripetal  end  of  the  nucleus.  The  field  is  indicated  by  arrows  in  Fig.  4.
X 11,500.
FIGURE  6  Centrifugal end  of  the nucleus.  This  micrograph  is from  the same  section as
Figs.  4 and 5,  but the field  is not  included in Fig. 4.  The arrow indicates  a place  where an
IAL profile  appears to touch the nuclear  envelope.  X  11,500.
542  THE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  37,  1968J.  W.  EVERINGHAM  Intranuclear  Annulate Lamellae  543Figs.  7 and  8, centrifuged  oocytes.  N, nucleus;  C,  cytoplasm; NL,  nucleoli.  Ascidia callosa, bicarbonate-
buffered  Os04. Direction of  the centrifugal  force indicated by the  white arrows.
FIGURE 7  This nucleus has been flattened  by the centrifugal  force, but does not show marked concentra-
tion  of  the nucleoplasm  at  its  centrifugal  end.  Nucleoli  have  migrated  to the  centrifugal end,  but IAL
have remained  in place.  Profiles  of  IAL which  appear  to touch  the nuclear  envelope  are  indicated  by
the arrows.  X 5600.
FIGURE 8  Nucleoli at the centrifugal end  of the nucleus.  X  18,000.
formly  at  the  periphery  of the  nucleus  (Fig.  1);
they are  confined  to a zone 2-4 A thick, whichlies
directly  beneath  the  nuclear  envelope.  After  cen-
trifugation,  the  distribution  of IAL  is  not altered
(Figs.  3,  4,  7).  Profiles  of  IAL or  of intranuclear
vesicles  are  never observed  in the  central  portion
of any nucleus,  whether centrifuged or not.
STRUCTURE:  The  basic  morphology  of  an
intranuclear  annulate  lamella  is  that  of  a  small
segment  of  nuclear  envelope.  The  characteristic
nuclear annuli  (nuclear pores) may be observed in
longitudinal  (Figs.  2,  6,  9),  transverse  (Figs.  2,
10),  and oblique (Figs.  2, 5,  6,  8-10) sections.  The
structure  of cytoplasmic annulate  lamellae  (CAL),
intranuclear  annulate  lamellae  (IAL),  and  the
nuclear  envelope  is  illustrated  for  comparison  in
Fig. 9.  Profiles of IAL may appear to be branched
(Figs.  2,  6-8,  10,  13),  curved  (Figs.  2,  6,  7,  9,  13),
544  THE  JOURNAL  OF  CELL  BIOLOGY  - VOLUME  37,  1968Figs.  9  and  10,  centrifuged  oocyte.  Comparison  of  the centripetal  (Fig.  9) and  the centrifugal  (Fig.  10)
ends  of the same  nucleus. From adjacent sections  of comparable  thickness.  Note  the marked  concentra-
tion  of the nucleoplasm  in  Fig.  10  and  its attenuation  in Fig.  9.  N, nucleus;  C, cytoplasm;  NE,  nuclear
envelope. Halocynthia pyriformis, bicarbonate-buffered  OSO4. Direction of the centrifugal  force  indicated
by the white arrows.
FIGURE  9  Centripetal  end  of the nucleus.  The structure  of the  intranuclear  annulate  lamellae  (IAL),
cytoplasmic annulate lamellae  (CAL),  and the nuclear envelope  (NE)  may be compared.  X 31,000.
FIGURE  10  Centrifugal  end  of  the nucleus.  The  IAL  in  the  center  shows  a  group  of  annuli  (ANN)
sectioned transversely.  Y,  yolk granule.  X 31,000.
545Figs.  11  and  12,  centrifuged  oocyte.  Continuity  of  IAL  and  the  nuclear  envelope  (NE).  N, nucleus;
C,  cytoplasm;  NL,  nucleoli;  CAL,  cytoplasmic  annulate  lamella.  Ascidia callosa, bicarbonate-buffered
OsO4.  Direction  of centrifugal  force indicated by the white  arrows.
FIGURE  11  Low-power micrograph  for orientation.  Longitudinally sectioned annuli  (ANN) in both the
nuclear envelope and  the IAL.  X  20,000.
FIGURE  12  Enlargement  of the region  of attachment. Both membranes  of the IAL are continuous  with
the inner membrane  of the nuclear  envelope.  X 50,000.
FIGURE  13  Uncentrifuged oocyte.  Region of attachment of the IAL to the nuclear envelope  (NE) marked
with arrows.  This  micrograph  was taken with the specimen  holder  tilted 5
° and  is part of  a stereo pair.
Examination  of the region of  attachment  stereoscopically  strengthened  the interpretation  that the mem-
branes  of the IAL are continuous  with the inner membrane of the nuclear envelope.  N, nucleus;  C, cyto-
plasm. Halocynthia pyriformis, bicarbonate-buffered  OsO4 .Approximately  X 30,000.
546FIGURE  14  Centrifuged  oocyte.  Numerous  intianuclear  vesicles  are  seen  after  fixation  with  collidine-
buffered  0sO4.  Forms  intermediate  between  IAL and  intranuclear  vesicles  are  indicated  by arrows.  N,
nucleus;  C, cytoplasm; NE, nuclear envelope.  Boltenia villosa. Direction  of the centrifugal force indicated
by the white arrow.  X 27,000.
or  folded  (Fig.  5),  although  some  of these  forms
may result from tangential sectioning  or superposi-
tion of adjacent  IAL profiles.  The longest  profiles
of IAL are about 3  long.  Determination  of their
width  or  three-dimensional  structure  was  not
attempted in the present study.
In the oocytes of series  1 (fixed in OsO4  buffered
with  s-collidine),  numerous  intranuclear  vesicles
are  associated  with  IAL  and  with  the  nuclear
envelope  (Fig.  14).  Forms  intermediate  between
IAL and intranuclear  vesicles are encountered  also
(Fig.  14,  arrows).  The  occurrence  of these  vesicles
is  reduced  markedly  in  the  oocytes  of  series  2
(fixed in glutaraldehyde or in bicarbonate-buffered
OS04),  which  are  represented  by  all  the  other
electron  micrographs  presented  in  this  paper.
These latter micrographs represent  typical fixation
achieved  in  series  2.  Figs.  7 and  8  represent  an
intermediate  grade  of  fixation  which  exhibits
dilation of some of the spaces  within the IAL and
an increase  in the number  of intranuclear  vesicles.
When  intranuclear  vesicles  were  observed  in  a
centrifuged  oocyte,  they  were  not  distributed
preferentially  to  either  the  centrifugal  or  the
centripetal  end of the nucleus.
MORPHOLOGICAL  EVIDENCE  OF  CONTINU-
ITY  WITH  THE  NUCLEAR  ENVELOPE:  Most
long profiles  of IAL are situated  so that one end  is
close to the nuclear envelope.  In a search for direct
evidence  of continuity,  more than  100 IAL profiles
which  appeared  to  touch  the inner  membrane  of
the  nuclear  envelope  were  observed  (see  Figs.  6
and 7, arrows).  Considerations of section thickness
and  geometry  in  most  instances  did  not  allow
exclusion  of  the  possibility  that  the  end  of  the
IAL  profile  merely  overlay  that  of  the  nuclear
envelope.  However,  in several  favorably  oriented
sections,  one  may observe clearly the continuity  of
the  IAL with the  inner membrane  of the nuclear
envelope  (Figs.  11-13).
DISCUSSION
The  major  conclusion  derived  from  this  study  is
that  the  intranuclear  annulate  lamellae  of  large
ascidian oocytes are  firmly attached  to the nuclear
envelope.  Two  lines  of  evidence  support  this
conclusion:  (a)  intranuclear  annulate  lamellae
(IAL) are not displaced  from the periphery  of the
nucleus  by  centrifugal  force  which  is  sufficient  to
flatten  the  nucleus  and  to  displace  the  other
nuclear contents;  (b) electron micrographs demon-
strate  close  approach  and,  in  some  instances,
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envelope.
Since  the  evidence  from  the centrifugation  ex-
periments  is  of primary  importance,  it is  worth-
while to consider possible  sources of misinterpreta-
tion  of these  experiments.  The  major  conclusion
might  be  invalid  under  the following  conditions:
(a) if the IAL failed  to migrate  in the nucleoplasm,
even though  they were  not attached to the nuclear
envelope;  or  (b)  if  IAL  are  rapidly  formed  and
destroyed in vivo, and the IAL profiles observed  in
this  study  were  formed  in  the  time  between  the
cessation  of centrifugation  and  the  arrival  of the
fixative.
Condition a might occur if the nucleoplasm were
either a rigid  gel or  a highly viscous  sol.  Evidence
against this  possibility  is  the marked  flattening  of
the nucleus  after centrifugation  and the migration
of nucleoli to  the centrifugal  end. The magnitude
or  duration  of  the  centrifugal  force  might  have
been  insufficient  to  completely  stratify  the  IAL,
but  if  this  were  the  case,  one  might  expect  to
observe  partial migration  of the  IAL from  either
the  centrifugal  or  the  centripetal  end  of  the
nucleus. In addition,  the flocculent material of the
nucleoplasm  frequently  appeared  to  be  concen-
trated  at the centrifugal  end.
In  order  to  minimize  the occurrence  of condi-
tion  b,  we  brought  the  fixative  to  the centripetal
surface of the pellet within 20  sec after the centri-
fuge rotor  had  stopped  moving.  If the postulated
turnover  of IAL  were  very  rapid, on the order  of
1 min,  one  would  still  expect  to  find  short  IAL
profiles  or an abundance  of IAL precursors  (vesi-
cles?)  in  oocytes  located  near  the  centripetal
surface  of  the  pellet;  neither  of  these  were  ob-
served.
The  weight  of the  evidence  is  considered  to  be
against  the  existence  of  either  of  the  conditions
discussed above  and to  be in favor of the  simplest
interpretation,  i.e.  that  the  IAL  would  have
migrated  in  the  centrifugal  field  if they  had  not
been  restrained  by  attachment  to  the  nuclear
envelope.
Concerning  our  observations  of  centrifuged
oocytes,  it  should  be  emphasized  that,  despite
variations  in the species  studied,  the fixatives  em-
ployed,  and  the  centrifugation  procedures  and
despite  the  uncertainty  that  the  sections  were
oriented exactly  parallel to  the axis  of centrifuga-
tion,  there  was  no  indication  that  intranuclear
annulate  lamellae  had  been  moved  either  to  the
centripetal  or  the  centrifugal  end  of the  nucleus
or  to  any central  or  intermediate  position  in the
nucleoplasm.  Every  nuclear  profile  observed  in  a
large  oocyte demonstrated  a complete  peripheral
layer of IAL.
Morphological  demonstration  of direct continu-
ity  between  IAL and  the inner  membrane  of the
nuclear  envelope  indicates  that  some  of  the  IAL
are attached (Figs.  12 and 13; see also Everingham,
1968);  the evidence  from  centrifugation  indicates
that most, or perhaps all, of the intranuclear annulate
lamellae  are attached  to the nuclear  envelope.
That  the  points  of attachment  are  capable  of
withstanding  the  force  of centrifugation  suggests
that the  areas  of continuity  between the IAL and
the nuclear envelope  are  more extensive  than has
been  demonstrated  here.  Probably  these  areas  of
continuity  are  especially vulnerable  to  disruption
by preparative  procedures  and are represented  in
this  study  by  the  numerous  micrographs  which
show close  approach  (Figs.  2,  5,  8,  9)  or apparent
touching  (Figs.  6,  7)  of  IAL  and  the  nuclear
envelope. An alternative, but less likely, interpreta-
tion is that the points of attachment  are  small but
exceptionally strong.
It  appears  that  electron  microscopic  images  of
IAL  depend  substantially  upon  the  fixative  em-
ployed.  After  fixation  with  collidine-buffered
OsO4,  intranuclear  vesicles  abound  near  the
nuclear  envelope,  whereas  intact IAL  tend  to  be
slightly internal  to  the intranuclear  vesicles.  After
fixation  with  bicarbonate-buffered  OsO4  or  with
glutaraldehyde,  images of intranuclear  vesicles are
reduced  markedly  in number,  and intact IAL are
found  near, touching,  or in direct continuity  with,
the  nuclear  envelope.  Because  of  these  fixative-
dependent  variations,  it  is  possible  that intranu-
clear  vesicles  represent  fixation  artifacts  which
arise from the disorganization  of intact IAL.
This study contributes further information to the
question of the origin of the intranuclear  annulate
lamellae.  Kessel  (1964,  1965)  has  suggested  that
IAL  may be formed  by the fusion of intranuclear
vesicles.  This  suggestion  was  supported  by  his
observations of younger oocytes, in which he found
intranuclear  vesicles  but  no  IAL.  Observations
coincident  to  the  present  study  tend  to  confirm
Kessel's data. However,  the centrifugation  experi-
ments  provide  a  new  line  of  evidence  on  this
matter.  If free  intranuclear  vesicles  exist  in  vivo,
one  would expect  that  they should  be distributed
to  either  the centrifugal  or the  centripetal  end  of
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nuclear vesicles was never  observed  in any  oocyte,
regardless of size. Thus, evidence from the centrifu-
gation  experiments,  as  well  as  from  the  use  of
various fixatives,  casts doubt upon  the existence in
vivo of free intranuclear  vesicles.
The  origin  and  the  fate of IAL deserve  further
investigation.  In specimens prepared  for  the  pres-
ent  study,  nuclei  of  small  and  medium-sized
oocytes  frequently  showed  evidence  of inadequate
preservation.  Renewed  attempts  to  preserve  their
in vivo morphology  are indicated,  perhaps  by the
use  of  the  freeze-etching  technique  (Moor  and
Miihlethaler,  1963).
Heretofore,  the  discussion  of the IAL  has disre-
garded  their  three-dimensional  structure,  since
definitive  description  must  await  reconstructions
from serial  sections.  However,  several  models  are
suggested  by  the  two-dimensional  micrographs.
The  IAL  profiles  may  represent  only  isolated
plates.  On  the other hand,  they  may be intercon-
nected to form undulating ribbons or a honeycomb
pattern. A few of these  IAL may have the form of
a dome or  a blister,  with  extensive  attachment  to
the inner surface  of the nuclear  envelope.  Figs.  1,
2,  6,  and  13  show two-dimensional  images  which
are  at  least  consistent  with  the  suggested  three-
dimensional  forms  (see  also  Kessel,  1965,  Figs.  12
and  13).
The  similarity  in  basic structure  of cytoplasmic
annulate  lamellae,  nuclear  envelope,  and  intra-
nuclear  annulate  lamellae  has  been  noted  by
several  investigators  (Swift,  1956;  Merriam,  1959;
Kessel,  1965). This basic  similarity is supported by
the  present  study,  but it  now  appears  that  both
membranes of the intranuclear lamellae are homol-
ogous  to  the  inner  membrane  of  the  nuclear
envelope.  Whether  this distinction  is  significant in
terms of cell physiology  remains  to be seen.
It  has  been  proposed  that  the  cytoplasmic
annulate  lamellae  may  arise  by  fragmentation  of
the  nuclear  envelope  (see  Harrison,  1966,  for
review).  If  this  should  be  the  case  in  ascidian
oocytes, the attached  IAL could provide a mecha-
nism whereby the nuclear envelope is reconstituted
from within prior to the delamination  of a segment
into  the adjacent cytoplasm.  One  may recall  that
Swift  (1956)  suggested  that  cytoplasmic  annulate
lamellae and the nuclear envelope may be involved
in  the  transfer  of  information  derived  from  the
genome,  and that  this suggestion  is still  favorably
considered  by some (Gross,  1966).
Another  possible function of the IAL may  be to
provide  a  reserve  of preformed  nuclear  envelope
to be utilized  in the extensive  growth  of the oocyte
nucleus.  Neither of the  suggested  functions  of the
IAL need  be inconsistent with the other.
It is  as  yet uncertain  whether  the  intranuclear
annulate  lamellae  of  ascidian  oocytes  are  an
isolated  biological  curiosity  or  represent  a  highly
developed  and/or  more easily  preserved  form of a
more  general  phenomenon.  The latter  possibility
is considered  in  the Brief Note  to follow  (Evering-
ham,  1968).
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Washington, Friday Harbor, Washington; Richard A.
Cloney,  who  centrifuged  and  fixed  the  oocytes  of
series  1;  and  Donald  P.  Abbott,  who  identified  the
specimens of Boltenia ovifera.
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A  preliminary  report  of  this  work,  based  upon
fixation  series  1, was presented  before  the American
Association  of Anatomists,  and has been published in
abstract  form:  1965.  Anat. Record.  151:347.
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Note  Added in  Proof: W.  S.  Hsu  (1967.  Z.  Zellforsch.
Mikroskop.  Anat.  82:376.)  has  contributed  a  further
study  of the  oocytes  of Boltenia, by  using  a perman-
ganate fixative. Fig.  17 of his paper shows an example
of continuity  between  an  IAL  and  the  inner  mem-
brane of the nuclear envelope. Dr. Hsu's new evidence
and hypotheses concerning  the formation of  annulate
lamellae  deserve  more  extensive  consideration  than
can be given here.
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